ABSTRACT: Phosphorus of plant-based feedstuffs for monogastric animals is mainly in the form of phytic P, which has a very low bioavailability. The nondigested phytic P may contribute to P pollution. Furthermore, phytic acid may reduce digestibility of other minerals and protein. This study evaluated effects of the microbial 6-phytase RONOZYME HiPhos on apparent ileal digestibility of P, phytic acid, Ca, CP, energy, and AA in six 60-d-old ileorectal anastomosed pigs. In a duplicated 3 × 3 Latin square design, pigs had free access to alternatively a corn (Zea mays)-soybean (Glycine max) meal-barley (Hordeum vulgare)-based diet or this diet supplemented with RONOZYME HiPhos at either 500 units/kg (RH500) or 1000 units/ kg (RH1000). Pigs fed diets supplemented with RH500 or RH1000 increased (P < 0.05) digestibility of P, Ca, and Lys. Pigs fed diet RH1000 increased (P < 0.05) digestibility of CP, total AA, indispensable AA, Glu + Gln, His, Gly, Ala, Tyr, Leu, Phe, and Met. Similar to growth trials with increased total tract digestibility of P and Ca, phytase increased apparent ileal digestibility of these indispensable minerals and phytate. The phytase increased digestibility of CP and indispensable AA indicating a better availability of plant-based proteins.
INTRODUCTION
Phytic acid P represents 50 to 85% of total P in plant-derived feedstuffs. Phytic acid (InsP6) generally is not digested by pigs and may act as an antinutrient, reducing bioavailability of minerals and proteins. Addition of phytase to diets improves phytate P digestibility, thereby minimizing the need for inorganic P supplementation (Selle and Ravindran, 2008) . The objective of the present study was to evaluate effi cacy of a 6-phytase (RONOZYME HiPhos; DSM Nutritional Products, Kaiseraugst, Switzerland) on apparent ileal digestibility (AID) of P, Ca, InsP6, energy, CP, and AA in ileorectal anastomosed pigs (Guggenbuhl and Simões Nunes, 2007) . As AA absorption occurs in the small intestine, using an ileal digestibility model was essential to avoid most of the infl uence of microbiota.
MATERIALS AND METHODS

Animals, Housing, and Experimental Design
The study was performed at the DSM Nutritional Products Research Centre for Animal Nutrition and Health according to the offi cial French guidelines for experiments with live animals. Ileorectal anastomosis (Laplace et al., 1994) was performed on six 60-d-old pigs (Redon × Large White) with an initial BW of 29.1 ± 3.7 kg to reach 6 observations per diet. After surgery, pigs were housed individually in stainless-steel metabolic cages under controlled temperature (22°C), humidity (50%), ventilation, and 12-h light. During a 10-d postsurgical recovery, pigs had ad libitum access to a commercial diet and tap water.
Diet, Test Compound, and Feeding
In the experimental period, pigs were fed in a duplicated 3 × 3 Latin square a phytate-rich diet based on corn-soybean meal without inorganic P addition (Ctl) or supplemented with RONOZYME HiPhos at 500 units/kg (RH500) or 1000 units/kg (RH1000). The diet was formulated to provide P exclusively from vegetable origin (Table 1) and to meet, with the exception of the digestible P supply, nutrient requirements of pigs (NRC, 1998) . The indigestible tracer Cr 2 O 3 was added at 0.4% to all diets to measure AID. The experiment was composed of 3 periods each divided into a 4-d adaptation and a 3-d sampling of ileal digesta. The test feed enzyme was a granulated 6-phytase with an activity at pH 5.5 of 63,046 units/g expressed by submerged fermentation of an Aspergillus oryzae microorganism.
Data Recording and Sample Collection
The health status was controlled daily. Samples of ileal digesta were collected daily during the 3 sampling days to determine AID of minerals, CP, individual AA, and energy. They were stored at 4°C until a minimum of 300 g were produced. Immediately after, they were weighed, frozen at -80°C, freeze-dried, and ground to a fi ne powder (0.5 mm) before analysis.
Chemical Analysis
Samples of diets and ileal digesta were analyzed in duplicate for DM (method 930.15 (Blaabjerg et al., 2010) .
Calculations and Statistical Analysis
Data were analyzed by ANOVA using the StatGraphics Centurion XVI statistical software package (Manugistics, Rockville, MD). Pig was the experimental unit. Pig and treatment were used as class variables. Differences between groups were determined by Student-NewmanKeuls multiple range test. The data is presented as means with SEM, and the differences between treatments were considered statistically signifi cant if P < 0.05. Within a row, means without a common superscript differ (P < 0.05). 1 Ctl = control group without P and phytase supplementation; RH500 and RH1000 = Ronozyme HiPhos (DSM Nutritional Products, Kaiseraugst, Switzerland) at 500 and 1000 units/kg feed, respectively. 
RESULTS
Analyzed phytase activity in supplemented diets was 524 ± 45 units/kg for RH500 and 1032 ± 183 units/kg for RH1000 and was under the detection limit for the Ctl diet. Pigs remained in good health throughout the experiment. Phytase supplementation improved (P < 0.05) AID of P and Ca in both groups fed the enzyme ( Table 2 ). The AID of InsP6 was relatively high for the Ctl group; nevertheless, AID of InsP6 was improved (P < 0.05) in RH500 and RH1000 groups. The AID of the indispensable AA, His, Leu, Met, and Phe was increased (P < 0.05) in pigs fed RH1000 whereas AID of Asp + Asn and Lys was improved (P < 0.05) in both phytase-supplemented pigs. In the RH1000 group, the AID of the dispensable AA, Ala, Glu + Gln, Gly, and Tyr was increased (P < 0.05). As result, AID of CP and total indispensable AA, the sum of individual AA was improved (P < 0.05). Phytase supplementation did not affect AID of energy.
DISCUSSION
Phytases may improve of AID of other nutrients by their action on the antinutritional factor InsP6. The AID of all nutrients seems dependant on the nature of enzyme and feed composition (Liao et al., 2005) . The effect of phytase on InsP6 also affected AID of P and AID of Ca. Although controversy remains, several studies indicated that phytase increases AA, CP, and energy digestibility (Peter and Baker, 2001; Guggenbuhl and Simões Nunes, 2003) . In the present study, AID of CP, AA, and total indispensable AA was improved with 1000 units/kg phytase and the AID of Lys at both studied dosages. These improvements and the observed improved AID of other AA might be explained by InsP6 hydrolysis by supplemental phytase that liberates the bound proteins and thereby enhances AA availability. RONOZYME HiPhos supplementation in pigs increased nutrient digestibility indicating that phytases are able to increase availability of minerals and protein (Traylor et al., 2001) .
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